Genetically modified (GM) papaya has not yet been approved for importation into, or cultivation in the European Union (EU) and Japan. A DNA extraction method using the Qiagen DNeasy Plant Mini Kit (PM method) and a method using a bu#er containing cetyltrimethyl ammonium bromide (CTAB method) have been adopted as the o$cial Japanese methods for detecting GM foods. However, the amounts of DNA extracted from papaya by these methods are very low. Therefore, we investigated an extraction method to obtain a high yield of DNA from raw or freeze-dried fresh papaya using the Promega Wizard DNA Clean-Up Resin System (WCR). The incubation for the extraction was carried out at 58ῌ without proteinase K for 15 min. The extract was applied to a mini-column, then the column was washed with 80῍ isopropyl alcohol, and genomic DNA adsorbed on the column was eluted with TE bu#er. The WCR method gave a higher yield of genomic DNA, and was simpler and faster than the PM method or CTAB method. In addition, it could be used to extract genomic DNA from fresh papaya at various stages of ripeness. Based on these results, we propose that the present method using WCR is the most practical and useful way to extract genomic DNA for the purpose of detecting GM papaya.
Introduction
The general public of many countries, including Australia, Korea, Japan, and countries of the European Union (EU), have shown anxiety over genetically modified (GM) crops. GM papaya has not yet been approved for importation into, or cultivation in the EU and Japan. The GM papaya 55-1, that has increased resistance to papaya ringspot virus, was jointly developed by Cornel University, the University of Hawaii and the Upjohn Company. GM papaya cultivation started in 1998 in Hawaii, and both GM and non-GM papaya are currently cultivated in that state. GM contamination of non-GM papaya in Hawaii was reported by the organization Hawaii SEED in 2006῍ 1 . Hawaii SEED began testing papayas in 2003 for farmers and gardeners, and consistently found that their purportedly non-GM papaya samples consisted of 30ῌ50῍ GM-contaminated papayas. In addition, the Thai government also found GM contamination in a papaya crop in 2004. Thirty-nine samples that were cultivated as non-GM papaya in Thailand were tested by Greenpeace in 2005῍ 2 ; the results showed that 8 of the samples, collected from 5 di#erent locations, were contaminated with GM papaya. These incidents suggest that non-GM papaya is frequently contaminated with GM papaya in Hawaii and Thailand. Therefore, there is a need for a simple and reliable method to detect GM papaya for the importers and exporters of papaya.
The polymerase chain reaction (PCR) method has been used as a general method for detection of GM organisms. The PM method, which is performed using a commercial silica-gel membrane-type kit (QIAGEN DNeasy Plant Mini Kit: PM), and the CTAB method, which is performed using a bu#er containing cetyl trimethyl ammonium bromide (CTAB), are generally used for the extraction and purification of plant genomic DNA. These DNA extraction methods have been adopted by the Ministry of Health, Labour and Welfare of Japan as o$cial standard methods῍ 3, ῍ 4 .
However, it is di$cult to prepare an appropriate concentration (10 ng/mL) of DNA for qualitative PCR analysis using either of these methods. In the PM method, gelation is likely to occur during the process of purifying DNA from the papaya. The CTAB method employs organic solvents, such as chloroform and phenol, that are known to be toxic to humans. On the other hand, the WCR method which is performed using a silicabased resin-type kit (the Wizard DNA Clean-Up Resin System: WCR), has been adopted in the "Swiss Food Manual" for the detection of GM food 1) . The WCR method has also been reported as a useful method for extraction of DNA from soybean 2), ῍ 3, ῍ 4 , tofu 3), 4) , maize῍ 3, ῍ 4 and corn flour 4) . However this method has never been used to detect GM papaya. In the present study, we investigated whether the WCR method is applicable to the extraction of genomic DNA from both raw and freeze-dried fresh papaya. The use of the WCR method for detecting GM papaya has several advantages: no organic solvent but isopropyl alcohol is used, DNA can be extracted by a simple operation in a short period time, and the commercial kit is less expensive than that for the PM method. In addition, the WCR method makes it possible to obtain genomic DNA from papaya at various stages of ripeness at more than the desired concentration (10 ng/mL) for qualitative PCR. Therefore, we propose that our WCR method be used for the extraction of genomic DNA to detect GM papaya.
Materials and Methods

Samples
Non-GM papayas, which were harvested in the Philippines and the USA, were purchased at local markets in Kanagawa, Japan. A powdered freeze-dried sample of fresh GM papaya (Rainbow, a hybrid of the CP gene homozygous line 55-1 X Kapoho) was provided by the National Institute of Health Sciences of Japan. The peel and seeds of fresh papayas were removed, and the raw fresh fruit was cut into 10 mm cubes. For freeze-dried samples of fresh papaya, the cut cubes were frozen and dried under reduced pressure. The cubes of freeze-dried fresh papaya were then ground down to fine powder in a mortar. For raw samples of fresh papaya, the cut cubes were homogenized in a mortar without freezedrying.
Extraction and purification of genomic DNA by the WCR method Homogenized raw fresh papaya (500 mg) or the powder of freeze-dried fresh papaya (100 mg) in a polypropylene centrifuge tube (2.0 mL) was supplemented with 0.9 mL of extraction bu#er (10 mmol/L TrisῌHCl bu#er solution (pH 7.5) containing 150 mmol/L NaCl, 2 mmol/L EDTA and 1῎ SDS) and 100 mL of 5 mol/L guanidine hydrochloride. The cocktail was mixed completely with a vortex mixer. After incubation at 58῍ for 15 min, the mixture was cooled to room temperature and centrifuged at 14,000ῌ῎ for 10 min. Five hundred mL of the obtained clear supernatant and 1 mL of DNA Clean-Up Resin, which is included in the Wizard DNA Clean-Up Resin System, were mixed in a microcentrifuge tube (2.0 mL) by inversion. An injection syringe was connected to the upper end of a minicolumn, and the mini-column was attached to a manifold with an aspirator. After it had been confirmed that the pressure in the manifold was fully reduced, the mixture was applied to a mini-column through the injection syringe. The solvent was removed immediately by aspiration, and the column was washed with 2 mL of 80῎ isopropyl alcohol through the syringe. The syringe was removed, then the mini-column was attached to a microcentrifuge tube (1.5 mL) and dried by centrifugation at 10,000ῌ῎ at room temperature for 2 min. The mini-column was transferred to another microcentrifuge tube (1.5 mL), and 50 mL of TE bu#er (10 mmol/L TrisῌHCl bu#er (pH 8.0) containing 1 mmol/L EDTA) that had previously been warmed to 70῍ was added, drip by drip. After 1 min, the mixture was centrifuged at 10,000ῌ῎ at room temperature for 1 min to elute the DNA. The remaining DNA in the column was again eluted with 50 mL of previously warmed TE bu#er in the same manner. The obtained eluate was used as the DNA sample stock solution.
Extraction and purification of genomic DNA by the PM method A 600 mg aliquot of the homogenized raw fresh papaya (corresponding to 80 mg of freeze-dried fresh papaya) or the powder of freeze-dried fresh papaya (80 mg) was extracted and purified in a microcentrifuge tube (2 mL) using a silica-gel membrane kit (QIAGEN DNeasy Plant Mini Kit; Qiagen, Hilden, Germany) as described in the previous reports῍ 3, ῍ 4, 5) .
Extraction and purification of genomic DNA by the CTAB method A 150 mg aliquot of homogenized raw fresh papaya (corresponding to 20 mg of freeze-dried fresh papaya) or the powder of freeze-dried fresh papaya (20 mg) was mixed well in a polypropylene centrifuge tube (1.5 mL) with 150 mL of CTAB bu#er (1.4 mol/L NaCl solution containing 20 mmol/L EDTA (pH 8.0), 0.1 mol/L Trisῌ HCl (pH 8.0) and 55 mmol/L of cetyl trimethyl ammonium bromide (CTAB)). Then, 450 mL of CTAB bu#er was added to the centrifuge tube and the contents were mixed by inversion and incubated at 55῍ for 30 min. The subsequent purification of the DNA was carried out according to the procedure described in the o$cial standard methods in Japan ῍ 3, ῍ 4 .
Evaluation of the purity and concentration of extracts
The DNA concentration was measured in terms of UV absorption at 260 nm, and the purity was evaluated on the basis of the ratios of absorbance at 260 nm/280 nm (A 260 /A 280 ) and at 260 nm/230 nm (A 260 /A 230 ) with a GeneQuant pro spectrophotometer (Amersham Bioscience Co., Ltd., Uppsala, Sweden).
PCR amplification
The PCR reaction was carried out in a total volume of 25 mL in a 0.2 mL reaction tube containing 2.5 mL of DNA sample solution adjusted to 10 ng/mL (25 ng as DNA), PCR bu#er II (10 mmol/L TrisῌHCl (pH 8.3), 50 nmol/L KCl), 0.2 mmol/L dNTP, 3 mmol/L MgCl 2 , 0.2 mmol/L of the 5῍ and 3῍ primers and 0.625 units of Taq DNA polymerase. The reaction tube was placed in a PCR Thermal Cycler SP (Takara Bio Co., Ltd., Kyoto, Japan). The reaction was initiated by maintaining the mixture at 95῍ for 10 min, followed by 40 cycles of 95῍ for 0.5 min, 60῍ for 0.5 min, and 72῍ for 0.5 min The reaction was stopped by keeping the mixture at 72῍ for 7 min, and the mixture was stored at 4῍ as the PCR-amplified reactant. As a blank reactant, the PCR reaction mixture without primers or the DNA sample solution was subjected to PCR reaction.
The Papain-gene detection primer pair was 5῍-GGG CAT TCT CAG CTG TTG TA-3῍ and 5῍-CGA CAA TAA CGT TGC ACT CC-3῍, and its amplicon was 211 bp in length. The 55-1 identification detection primer pair was 5῍-TTA CGG CGA GTT CTG TTA GG-3῍ and 5῍-CAT GTG CCT GAG AAA TAG GC-3῍, and its amplicon was 207 bp in length. The 55-1 primer pair was 5῍-CCT TCG CAA GAC CCT TCC TCT ATA-3 ῍ and 5 ῍-TCG TTA AAA CTG CCT GGC AC-3῍, and its amplicon was 250 bp in length.
Agarose gel electrophoresis
The extracted DNA was analyzed prior to PCR analysis by agarose gel electrophoresis with lDNA digested with HindIII as a molecular weight marker. For the determination, 5 mL of the extracted DNA or lDNA digested with HindIII was loaded onto a 0.8῎ agarose gel and electrophoresed in TAE bu#er (40 mmol/L Trisῌ acetic acid bu#er containing 1 mmol/L EDTA). The PCR-amplified reactant was separated by electrophoresis using 3.0῎ agarose gel to identify the amplified DNA band. A 7.5 mL portion of the PCR-amplified reactant was diluted with a proper volume of gelloading bu#er and injected into a well of the gel. Electrophoresis was performed at a constant voltage of 100 V (Mupid Mini Gel Electrophoresis System) until the BPB in the gel-loading bu#er advanced two-thirds of the way up the gel. The electrophoresed gel was stained with TAE bu#er, which contained 50 mg of ethidium bromide per 100 mL of bu#er, for 30 min. The stained electrophoretic gel was analyzed with a gel image analyzer (ATTO BIOINSTRUMENT AE-6905H Image Saver HR; Atto, Tokyo, Japan) under ultraviolet irradiation at 312 nm. The electrophoretic pattern was identified on the display of the gel image analyzer.
Results and Discussion
Sample weight
We examined the DNA extraction from a papaya sample using 1 mL of cocktail containing 0.86 mL of extraction bu#er, 0.1 mL of 5 mol/L guanidineῌHCl, and 40 mL of proteinase K. The yield and purity of DNA extracted from di#erent starting sample weights, i.e., 25, 50 and 100 mg of non-GM freeze-dried fresh papaya, and 500, 1,000 and 2,000 mg of non-GM raw fresh papaya, were compared after incubation at 58῍ for 3 hr with proteinase K (Fig. 1) . The yield of DNA extracted from 100 mg of freeze-dried fresh papaya was largest among starting sample weights tested, and the purity of DNA extracted from 100 mg of freeze-dried fresh papaya appeared to be su$cient, because A 260 /A 280 was 1.7. The yield and purity of DNA extracted from 500 mg of raw fresh papaya were as good as those of the DNA extracted from 1,000 and 2,000 mg of raw fresh papaya. We therefore selected 100 mg freeze-dried fresh papaya and 500 mg raw fresh papaya as the sample weights for the examination.
Extraction time
Koppel et al. reported that the genomic DNA of soybean was extracted by incubation with the extraction bu#er, 5 mol/L guanidineῌHCl and proteinase K for 3 hr 2) . In the o$cial Japanese method published in "Testing for Foods Produced by Recombinant DNA Techniques of the Japanese Government," powder of soybean or maize kernel was incubated with the extraction bu#er, 5 mol/L guanidineῌHCl and proteinase K for 3 hr at 55ῌ60῎῍ 3, ῍ 4 . The yield and purity of the DNA sample solution extracted from 100 mg of non-GM freeze-dried fresh papaya with proteinase K at incubation times of 15 min, 1 hr and 3 hr were compared (Fig.   2 ). There was no significant di#erence in the yield or purity of extracted DNA among these three incubation times. The PCR product (211 bp band for an intrinsic papain gene) amplified from genomic DNA extracted from freeze-dried fresh papaya under conditions of 15 min incubation with proteinase K at 58῎ was as clearly visible as that obtained after incubation for 3 hr with proteinase K at 58῎ (Fig. 3) . Therefore, we chose 15 min as the incubation time for our DNA extraction.
Proteinase K
Proteinase K is generally used for the extraction of DNA from soybean 2) or maize kernel῍ 3, ῍ 4 . We examined the e#ect of proteinase K digestion on the extraction of DNA from a papaya sample using the WCR method. The yield and purity of the DNA sample solution extracted from freeze-dried fresh papaya without proteinase K digestion by 15 min incubation at 58῎ were almost the same as those of the DNA sample solution from freeze-dried fresh papaya treated with proteinase K (Fig. 2) . Similar results were seen for the DNA sample solution from raw fresh papaya. The 211 bp bandamplified product of genomic DNA extracted from freeze-dried fresh papaya without proteinase K digestion was detected as clearly as that with proteinase K digestion (Fig. 3) . Therefore, we considered that proteinase K digestion was not necessary for the extraction of genomic DNA from papaya by the WCR method.
Comparative study of the three methods for DNA extraction
The final protocol for extracting DNA from raw or freeze-dried fresh papaya is described in the Materials and Methods section. The yield and purity of the DNA extracted using the present WCR method were compared with those of the DNA extracted using the PM method and CTAB method (Fig. 4) . The concentrations of the DNA sample solutions extracted from freezedried fresh papaya using the CTAB method and PM method were less than 10 ng/mL. In the WCR method, the concentration of the DNA sample solution extracted from freeze-dried fresh papaya was 66 ng/mL, and that from raw fresh papaya was 37 ng/mL. Both concentrations were su$cient for qualitative PCR analysis. The DNA extraction e$ciency from freeze-dried fresh papaya was 1.3 mg per gram in the CTAB method, and 7.7 mg per gram in the PM method. In contrast, the DNA extraction e$ciency from freeze-dried fresh papaya using the WCR method was as high as 132 mg per gram. Therefore, the concentration of the DNA sample solution and the DNA extraction e$ciency of the WCR method were significantly higher than those of the CTAB and PM methods. The DNA extraction e$ciency from raw fresh papaya by the WCR method was 18.2 mg per gram, being significantly higher than those by the CTAB and PM methods. In terms of the purity of the extracted DNA, the ratio of A 260 /A 230 of DNA extracted from freeze-dried fresh papaya and raw fresh papaya using the WCR method was lower than that using the PM method. The cause of the low value of A 260 /A 230 of the extracted DNA was high absorption at 230 nm. Generally, it is considered that phenol derivatives and saccharides, which have high absorption at 230 nm, interfere with PCR amplification. As to the cause of the low ratio when using the WCR method, we can at least state the following. The eluate which was extracted without a papaya sample by using the WCR method had a maximal absorption at 228 nm (data not shown). The high absorption at about 230 nm was mostly due to a compound in the WCR system. The UV absorption spectrum of the sample blank solution from 200 nm to 300 nm was not in agreement with those of extraction bu#er, guanidine solution, isopropanol, and Clean-Up Resin solution. These results indicate that a reaction product with a high absorption at 230 nm might be generated when the solution is incubated with a solution of Clean-Up resin and extraction bu#er. The ratio of A 260 /A 280 of DNA extracted from freeze-dried fresh papaya using the WCR method was higher than those using the PM method and the CTAB method, and the ratio of A 260 / A 280 of DNA extracted from raw fresh papaya using the WCR method, was roughly equivalent to that using the CTAB method, but higher than that using the PM method.
The electrophoresis profiles of the DNA extracted using the PM method and the WCR method are shown in Fig. 5 . The results show that the DNA extracted from non-GM freeze-dried fresh papaya using the WCR method contains intact and degraded DNA, whereas the DNA extracted from raw fresh papaya using the WCR method contains only degraded DNA. The amount of genomic DNA extracted from freeze-dried fresh papaya using the PM method was too low to detect. From the above results, we considered that the WCR method is the best of the three methods for the extraction and purification of DNA from freeze-dried fresh papaya and raw fresh papaya. PCR-amplified product from the genomic DNA of GM papaya The sensitivities of the PM and WCR methods for detecting GM papaya were compared (Fig. 6) . The concentration of DNA extracted from freeze-dried GM papaya using the WCR method was 111.6῍12.6 ng/mL, and that using the PM method was 17.4῍7.0 ng/mL. All of the PCR-amplified products for the intrinsic papain gene (211 bp), and for the detection (207 bp) and identification (250 bp) of the GM-papaya specific gene in the WCR method were as clearly visible as those in the PM method. These results showed that there was no significant di#erence between the two methods in terms of PCR-amplified products. It was thus suggested that the extracted DNA which had a high absorption at 230 nm, obtained by using the WCR method, had no inhibitory e#ect on PCR amplification.
DNA extraction from papaya at various stages of ripeness
In Japan, all imported papaya must be in the green, unripened state by law. The test for the detection of GM papaya in non GM papaya at various stages at ripeness, in which the fruits have di#erent colors and contain di#erent concentrations of sucrose, has to be carried out within the period of marketing. We therefore investigated the purity and concentration of the genomic DNA extracted from papayas at various stages of ripeness using the WCR method (Fig. 7) . The highest level of extracted DNA was 184 ng/mL from the green papaya sample, and the lowest one was 45 ng/mL from the deep orange papaya sample. The purity of the extracted genomic DNA was not significantly di#erent among these papaya samples. These results suggest that the WCR method would be applicable for extracting DNA from papayas at various stages of ripeness.
Conclusion
We designed a method for the extraction and purification of DNA from freeze-dried fresh papaya and raw fresh papaya using the WCR. In this method, the sample is extracted with the extraction bu#er and 5 mol/L guanidineῌHCl at 58῏ for 15 min; proteinase K digestion is not necessary for the extraction of genomic DNA from papaya. Thus, the WCR method is economical and time-saving. The yield of DNA extracted from freeze-dried fresh papaya and raw fresh papaya using the WCR method was significantly higher than that using either the PM or CTAB method. Furthermore, the WCR method would be applicable for extracting DNA from papayas at various stages of ripeness. Based on these results, we propose that the present method using WCR is the most practical and useful way to extract genomic DNA for the purpose of detecting GM papaya. 
